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Shimozuma, T., Ito, S., Kubo, S., Sato, M., 
Shapiro, M., Temkin, R.J. (MIT) 
The mirror array of the Matching-Optics-Unit(MOU) 
was designed for the NIFS CPI Gyrotron at the MIT. 
The beam radiated from Gyrotron may be converted to 
Gaussian beam that can be coupled to corrugate waveg-
uides ,~.rell using these mirrors. The mirror array is com-
posed of two phase correcting mirrors and two quasi-
optical mirrors. The array is designed for the beam 
to convert to a elliptical Gaussian beam with first two 
phase correcting mirrors (11irrors 1 and 2). This ellip-
tical Gaussian beam is coupled to the waveguides with 
last two quasi-optical mirrors (Mirrors 3 and 4). In the 
cold test to evaluate this array, a well-defined Gaussian 
beam is injected from a side of Mirror 4 that is in a 
' ' 
opposite direction for the real application. The Gaus-
sian beam should be converted to the beam with the 
complex intensity pattern radiated from Gyrotron. In 
the cold test, it is so important to prepare a high quality 
Gaussian beam. 
The beam waist radius and the waist position are nor-
mally derived from the dependence of beam sizes at var-
ious propagating positions on its positions by fitting of 
the intensity profiles. The fitted beam sizes have already 
the fitting error. To derive the beam waist radius and 
waist position from only the intensity profiles is some-
times difficult for less expanding or focusing beam. A 
new Gaussian Optics analysis is carried out, based on 
the phase measurement. A new test stand composed of 
a vector network analyzer has been set up to measure 
the phase of propagating waves directly, in a frequency 
range of 75-110GHz [1]. Using this new system, not 
only the intensity but also the phase can be measured. 
If the intensity and the phase profiles are measured at 
a. propagating position, the beam's size, center position, 
tilt and curvature radius of the wave-front are deduced 
from them. The phase is very sensitive to the propa-
gating position and its tilt. The beam waist radius and 
the waist position can be derived from the waist sizes 
and the curvature radii at a propagating position with-
out the dependence of beam sizes at various propagating 
positions on its positions. There are a lot of advantages 
of the phase measurement to define or analyze the Gaus-
sian beam. 
Figures 1 (a) and (b) show the intensity and phase 
profiles at the position of Mirror 2, respectively. In 
the cold test, the Gaussian beam with beam parame-
ters which are similar to those in the MIT calculation 
should be prepared there. Waist sizes Wx,y(z) are de-
122 
duced from the intensity profiles in both the x- and y-
directions, as ll'x=57mm and Wy=68mm there. Here, 
the x- and y-axes is in a normal plane to the propa-
gating z axis. In the MIT calculation, the waist sizes 
Wx and Wy are 54mm and 70mm, respectively. Curva-
ture radii in the x- and y- directions Rx,y are deduced 
from the phase profiles as 1085mm and 940mm, while 
Rx=1070mm and Ry=930mm in the calculation. The 
beam tilt can also be deduced from the phase profile 
easily. It is one of advantages in the phase measure-
ment, and help us to align the beam in the test. The 
tilt angles of 0.1 degree and 1.6 degree are obtained in 
the x- and y- directions. In the MIT calculation, the 
tilt angles are 0.2 degree and 1.4 degree, respectively. 
Beam waist radii, Wox,y, and waist positions, Zox,y' are 
derived from Wx,y and Rx,y only at the Mirror 2 posi-
tion. The intensity and phase profiles are also measured 
at z=100, 200 and 300mm. Here, an origin of the z po-
sition is at Mirror 2. Figures 2 (a) and (b) show l¥x,y(z) 
and Rx ,y ( z) at each propagating z position. The waist 
sizes and the curvature radii calculated from Wox,y and 
Zox,y obtained at the Mirror 2 position can consistently 
explain measured Wx ,y(z) and Rx,y(z) very well. This 
consistency expresses a well-defined Gaussian beam may 
be prepared for the cold test. The phase difference be-
tween the center and the beam size position in the test 
are very close (within 21r /100 rad.) to that in the calcu-
lation. However, since the intensities at the half beam 
size position in the test and calculation have a few per-
cent difference, the test beam should be improved. 
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Fig.2 Measured and calculated (a):beam sizes and 
(b ):phase curvatures 
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